The Ni 0.6+ Zn 0.4 Sn Fe 2−2 O 4 ( = 0.00 to 0.04) samples were prepared by solution route technique. These samples were characterized by XRD and EPR spectra at X-band frequency (∼9.2 GHz). The XRD spectra of these ferrites confirm the formation of spinel structure. The average particle size calculated by using Scherrer's formula was found to be of the order of 24.7 nm. The EPR spectra of these ferrites are mainly due to Fe 3+ ions. Fe 2+ ions have very short spin-lattice relaxation time and therefore EPR spectra of Fe 2+ could be observed only at very low temperature. This fact is also supported by the isomer shift values of these ferrites obtained from Mössbauer spectroscopy. The variation of eff and Δ PP with Sn 4+ concentration is attributed to the variation of superexchange interaction. Moreover in this system the dominant process of relaxation is the spin lattice relaxation rather than the spin-spin interaction.
Introduction
Ferrites are certain double oxides of iron and another metal taken as the most important ferromagnetic substances. The magnetic ferrites fall mainly into two groups with different crystal structures. One is cubic ferrites having the general formula MO⋅Fe 2 O 3 where M is a divalent metal ion, like Mn, Ni, Fe, Co, and Mg. Second one is hexagonal ferrites. The most important member in this group is barium-ferrites BaO⋅6Fe 2 O 3 . The ferrites are ionic compounds, and their magnetic properties are due to the magnetic ions they contain. The commercial value lies in the fact that they have higher values of saturation magnetization and Curie temperature, which are imperative for use as core materials. They are more suitable for high power application in addition to the applications, such as multilayer chip inductor and electromagnetic interference (EMI) suppression; recent studies suggest their applications in biomedical applications such as molecular imaging and drug delivery [1] [2] [3] [4] .
There are two main classes of materials containing zinc ferrites, that is, Mn-Zn ferrites and Ni-Zn ferrites. Out of them Ni-Zn ferrites are designed for very high frequency operation, to more than 100 MHz as well as very high resistivity, about 10 5 ohm cm. The effect of TiO 2 addition on saturation magnetization and magnetic spectrum of Ni 0.3 Zn 0.7 Fe 2 O 4 has been studied [4] . An unexpected dip was reported in the saturation magnetization curve at a particular Ti 4+ concentration in Ti 4+ -substituted Ni-Zn ferrite [5] . It has also been concluded that lattice parameter decreased with the increase of Ti 4+ up to a certain concentration and subsequently it increased monotonically.
The variation of lattice parameter with high valent substitution is a combined effect of cation size on [6] :
(i) " "-the repulsion parameter for A site and (ii) " "-Madelung Constant. He also observed a similar type of anomalous behavior in saturation curve for a wide range of Ti-substituted Ni-Zn ferrites.
The present work is done to record and analyse the electronic paramagnetic resonance (EPR) spectra of Sn-substituted NiZn ferrite for various Sn concentrations at room temperature and liquid nitrogen temperature. The characterization of the prepared samples was done by XRD analysis. This work is a step towards studying the physical processes leading to anomalous behavior of magnetization in the Sn-substituted Ni-Zn ferrites [7, 8] .
Experimental Technique
In the present work the EPR spectroscopy technique is employed. EPR spectroscopy studies the interaction of electron magnetic moment with a magnetic field and thus is applicable only to the systems having unpaired electrons (paramagnetic substances) or net angular momentum. EPR spectrum can be used to identify an unknown transition metal ion or lattice defect; it may be used to distinguish between the several valence states of the same ion. EPR spectrum frequently identifies the lattice site and symmetry of the paramagnetic species, particularly if single crystal data are available. Considerable information can be obtained about the nuclei in the immediate neighborhood of the absorbing spin and sometimes relaxation time data detects long range effects. The concentration of paramagnetic species may also be determined. The important parameters from the EPR signal to be calculated are
where in the original absorption curve is the field corresponding to absorption (i.e., resonance field) for the given sample. In derivative curve it is measured.
(ii) Line width. It is defined as full width at half maximum (FWHM) for original absorption curve. For first derivative curve it is given by the peak-to-peak distance along magnetic field axis; that is,
(iii) Spin-spin relaxation. It is calculated using the formula 1/ 2 = Δ /ℎ, where Δ is the FWHM (full width at half maximum) of the absorption peak or peak-to-peak line width of the first derivative curve.
Results
The EPR spectra of all the samples have an intense broad asymmetric peak having peak-to-peak line width Δ pp ∼ 2 KGauss at room temperature. The spectra also have a very weak shoulder near zero field. The appearance of this weak shoulder near zero may be due to anisotropy effect. Here we are not interested in this particular investigation. Our discussion will be confined only for the peak corresponding to eff ∼ 4 for ferrites.
The graph plotted between eff and the Sn concentration at room temperature is shown in Figure 1 . The eff for base ferrite (i.e., = 0.00) is found to be 4.49 and it decreases to 2.98 up to = 0.008. It again increases to 3.21 at = 0.012 and then decreases to 2.95 up to = 0.04.
The variation of peak-to-peak line width Δ pp as a function of " " in the Ni 0.6+ Zn 0.4 Sn Fe 2−2 O 4 ( = 0.00 to 0.04) ferrite system at room temperature is shown in Figure 2 . The value of Δ pp for = 0.00 comes out to be 1.92 KGauss. It attains a maximum value of 2.225 KGauss at = 0.008 and at = 0.012. It then decreases monotonically to a value of 0.72 KGauss up to = 0.04. The variation of relaxation time 2 with Sn concentration at room temperature is plotted in Figure 3 . For the base ferrite, Ni 0.6 Zn 0.4 Fe 2 O 4 , the value of relaxation time comes out to be of the order of 2.63 × 10 −11 seconds at room temperature. Here we do not observe any systematic behaviour of relaxation time with Sn concentration. Previous workers [9] [10] [11] have also reported such smaller values of relaxation time for Fe 3+ ions. The magnetic interaction causes broadening of the resonance lines as the temperature is increased, if the interacting spins are alike, whereas it causes narrowing of resonance lines when unlike spins are involved. Since in Ni 0.6+ Zn 0.4 Sn Fe 2−2 O 4 ferrite two different kinds of paramagnetic spins, namely, Ni 2+ and Fe 3+ , are involved, the exchange interaction might be responsible for narrowing of the resonance peaks with increase of temperature.
The observed EPR spectra of the ferrite studied here is due to Fe 3+ ions and not due to Fe 2+ ions. The reason is that Fe ions have very short spin lattice relaxation time and EPR can be observed at very low temperature (close to liquid Helium). Determination of isomer shift in this system of ferrite by 57 Fe Mössbauer spectroscopy confirmed the fact that iron is in Fe 3+ state [12] . The value of eff for bound unpaired electron is different than the value of eff for a free electron. eff for a bound electron depends on the magnetic interaction involving the orbital angular momentum of the unpaired electrons. Since the chemical environment of the unpaired electron changes the orbital angular momentum of the unpaired electron, therefore, one can say that eff value likewise depends upon the chemical environment of the paramagnetic ions under consideration. The orbital angular momentum involves two types of magnetic interactions. One is the interaction of the orbital angular momentum with the electron spin, that is, the spin orbit coupling. The other interaction is that of the orbital angular momentum with the external magnetic field. The strength of these interactions affects the position and the width of the absorption peak in EPR spectra.
The occurrence of the finite line width in EPR spectrum is due to the fact that the electrons interact with externally applied magnetic field but they also interact magnetically with the surrounding of the samples. Thus the resultant magnetic field seen by a population of electron spins is not quite the same throughout the population even when they are subjected to the same applied field. Consequently resonance absorption line obtained for a given value of the resultant field will be obtained over a range of values of the applied field.
In many magnetic materials the EPR study has revealed that the variation of the resonance line width Δ pp is caused by the microscopic magnetic interactions inside the material, mainly the interparticle magnetic dipole interaction and the superexchange interaction. In the case of ferromagnetic particles, the intrinsic molecular magnetic moments are large; therefore magnetic dipole interaction among these particles is very strong. Magnitude of this interaction is inversely proportional to the cube of average interparticle distance [13] [14] [15] . On other hand, superexchange interaction between magnetic ions through oxygen anions can reduce the value of Δ pp . The temperature dependence of relaxation time shows that, if line width is determined by spin lattice relaxation, it will decrease rapidly as temperature decreases. Further the elastic properties of these nanoparticles are currently being studied for their specific applications of high frequency devices [16] .
